In order to forn boron-doped poly-Si with sufficiently low resistivity, low-pressure CVD of in-situ boron-doped silicon films has been investigated with the idea of first depositing anorphous Si containing high concentration of boron atoms and then annealing. A low resistivity of 1.7 nQ.cm was attained when anorphous Si was deposited at 350"C using a Si2H6/BrH5 mixture and annealed at 600'C.-In addition to this, a conformal deposition profile and uniform boron concentration was also achieved in films deposited on many wafers loaded in a batch-type reactor, by a result of the deposition being controlled by the surface reaction at the low tenperature of around 35O'C, 
1. INTRODUCTION In situ boron-doped poly Si is a useful material for a gate electrode and an interconnection of ULSI devices since it is conpatible with low-tenperature processes. However, use of conventional in-situ boron Coped poly-Sil also entails several problens, for example, its resistivity is not sufficiently low, and there is a J-arge distribution in boron concentration among wafers loaded in a batch-type reactor. The Figure 1 shows the variation in deposition rate with the substrate tenperature. The deposition rate saturated at temperatures above 500"C and decreased monotonously with the reciprocal tenperature below 500'C. Above 500'C, it can be considered that deposition is linited by the transport of gas nolecules to the substrate surface, while it is controlled by the surface reaction below 500"c. Figure 2 shows the profile deposited on a substrate fabricated with a trench 1 
Boron Concentration
The boron concentration in the filn was measured using SIMS. Figure 3 Figure 4 shows the distribution of deposition rate and boron concentration €unong wafers loaded in a reactor. The gas flowed from left to right in the figure. The deposition rate and boron concentration decreased between the inl-et and outlet at 52O No specific signal were observed in the X-ray diffraction spectrum of films annealed at 500'C, indicating that the film r{ras still amorphous. However, crystallization rdas observed when the film lvas annealed at 600"C. Figure 5 is a plane TEM photograph of fiIm. It shoul-d be surpriFing that the grain grev, to 3 4 FD, which is 5 or 6 times larger than that of conventional boron doped polySi. The grain size grew slightly larger with annealing above 500'C. It can be considered that reduced generation of nucleation center j-n anorphous Si leads to this large grain, as previously reported.3
The electrical properties were measured next. Figure 6 shows how the resistivity of the film varies with annealing tenperature. The resistivity of the as-deposited film was t}z Q'cm. This value remained unchanged if the filn r4ras annealed below 500"C, because crystallization did not occur up to 500'C as described above. However, annealing at 600'C resulted in a drastic decrease in resistivity to 1.7 mQ.cm, which is about t/3 L/Z the value for conventional boron doped poly-Si. It should be noted that this low resistivity film hras obtained at 1ow temperature of 500'C. At temperatures above 600"C, the resistivity increased slightly with annealing temperature.
The carrier concentration and HalI mobility were measured using the Van der pauw method in order to clarify the reason of low resistivity. Carrier concentration in the filn annealed at 6OO'C was Z x 1020 co-3, which was much higher than solubility limit of boron in Si in thermo-equilibriun at 600'C. This is evidence that the poly Si supersaturated with boron. 0n the other hand, the HaIl mobility in the film annealed at 6OO'C hras t6 cm2.V-1.s-1, which hras twice larger than that of the conventional boron doped poly-Si filns. It is considered that the filn consisted of the large grain brings about this higher nobility. Consequently 1ow resistivity is realized by both the high carnier concentration and higher nobility.
ST]IIIITARY
The formation of in-situ boron-doped poly-Si has been studied using in two stages consisting of amorphous Si deposition and subsequent annealing. The annealing of the amorphous Si containing boron atoms at. abo.,re the solubility linit increases the grain size 5 or 6 times, leading to a sufficiently loro resistivity of 7.7 mO.cm. In addition, a uniforn boron concentration lras achieved, since the deposition process was controlled by the surface reaction at 350'C.
